A dot blot hybridization test was developed for the detection of enterotoxigenic E. coli without the use of radioisotopes. Three biotin-labeled DNA (Bio-DNA) probes corresponding to structural genes specifying heat-labile and heat-stable enterotoxins of porcine and human origin were prepared by random priming; label incorporation was significantly higher than that obtained from the use of nick translation. Bio-DNA probes were highly specific when reacted with protein-and RNA-free DNA preparations in a dot blot hybridization assay. The Bio-DNA probe, in which 40% of available thymidines were replaced by a biotin-labeled deoxyuridine, readily detected 160 pg of target DNA mixed with 6 ,ug of carrier DNA. The minimum amount of total DNA required for reliable identification of a single-copy enterotoxin gene of porcine origin within a 5,000-kilobase chromosome was found to be approximately 5 (10, 24) , respectively.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used in this study are listed in Table 1 . All strains were maintained in 20% glycerol at -70°C.
Isolation of plasmid DNA. To improve the yield of plasmid DNA, the plasmids used as a source of enterotoxin genes were introduced by transformation into E. coli MC1060 (Table 1 ). Isolation and purification of plasmid DNA was performed as described previously (1) . Digestion of DNA with restriction endonucleases was carried out under conditions specified by the supplier (Bethesda Research Laboratories, Gaithersburg, Md.).
Total DNA isolation. For method 1 of total DNA isolation, E. coli strains were grown overnight in 1. [pH 5.5] ) were added to the bacterial cell suspension (prepared exactly as described above for method 1) to a final concentration of 2 mg/ml and 300 Ftg/ml, respectively. After 30 min of incubation at 37°C, 20% SDS was added to a final concentration of 0.5%. After 60 min of incubation at 50°C, 10 mg of proteinase K per ml was added to a final concentration of 200 ,ug/ml; incubation was continued for another 60 min at 50°C. Phenolchloroform extractions were performed as described above for method 1 Hybridization. HybridizatiQns with Bio-DNA probes were done in 45% formamide-5 x SSC under conditions dçscribed previously by Leary et al. (16) . The posthybridization washes were done as described previously (16) . Bio-DNA probes were detected with a SBAP complex, as recommended by the supplier. The use of different stocks of SBAP resulted in slightly different levels of blue intensity on the filters. After color development the blots were photographed while they were still wet. The hybridizations with 32P-labeled DNA probes were done essentially as described above for Bio-DNA probes, except for the omission of dextran sulfate and the use of 50% formamide. For each blot, 105 cpm of DNA probe was added to 1 ml of hybridization solution. The posthybridization washes were performed in 50% formamide-2x SSC-lx Denhardt solution (lx Denhardt solution is 0.02% polyvinylpyrrolidone, 0.02% Ficoll, and 0.02% bovine serum albumin fraction V)-0.1% Na4P20-r0.1% SDS-20 mM NaPO4 (pH 6.5) four times for 40 min each time at 42°C. After washing, the dried filters were exposed to Kodak XAR film with intensifying screens at -70°C for 12 to 24 h. Enterotoxin assays. LT and ST were determined by Hermy Lior at the Laboratory Centre for Disease Control (LCDC), Ottawa, Ontario, Canada, by the CHO cell line (10) and the infant mouse (6) assays, respectively.
RESULTS
Choice of short Bio-DNA probes labeled by random priming or nick translation. To define the optimal conditions for biotin labeling of short DNA fragments to high specific activity, two methods were compared: nick translation (23) and random priming (8) . It has been demonstrated that Bio-11-dUTP is a good substrate for E. coli DNA polymerase I (14) . The rate of incorporation, however, was found to be slightly slower when compared with that of TTP in the control reaction (14) .
To evaluate the efficiency of Bio-11-dUTP incorporation, the level of its incorporation into an 850-bp HindIII respectively (data not shown). This finding was confirmed by visual inspection of the color intensity of Sephadex G-50 fractions containing Bio-DNA (Fig. 1) . Similarly, a 157-bp Hinfi fragment containing most of the STP gene was labeled with biotin to twice the specific activity by the random priming procedure than by the nick translation procedure (data not shown).
Development of a method of bacterial DNA preparation for the specific detection of target sequence by the Bio-DNA probe. The specificity of detection of a hybridized Bio-DNA probe with the SBAP system depends on the complete absence of intracellular biotin in the DNA preparation. Because biotin is covalently bound to some carboxylating enzymes that are involved in fatty acid biosynthesis, a deproteinization step was considered obligatory for preparing bacterial DNA. A series of experiments was performed in which bacterial lysate was subjected to proteolytic or phenol-chloroform treatments, or both, and filtrated onto nitrocellulose. The unhybridized blots were then treated with the SBAP system (in a 3-h reaction with Nitro Blue Tetrazolium [NTB]-5-bromo-4-chloro-3-indolyl phosphate [BCIP]). These experiments revealed the existence of additional cell components that are falsely recognized by the SBAP system. Of considerable importance was the finding that the cell lysate from which proteins and RNA were removed did not react with SBAP.
To verify whether cellular RNA was recognized by the SBAP system, total RNA was isolated by the SDS-hot phenol method (1) , fixed to nitrocellulose, and subjected to a reaction with the SBAP system. The results (Fig. 2) Table 1 were analyzed by these three procedures. Analysis of the results presented in Fig. 6 and Table 1 shows that all strains of E. coli positive by the biological assay formed hybrids with LT, STP, or both gene probes. In contrast, none of the strains negative by the biological assay contained DNA corresponding to the DNA probes that were used. As negative controls some clinical isolates that were ST-LT-and E. coli laboratory strains harboring the vector sequence were used. LT-producing E. coli strains (Fig. 4) . Similarly, results of a comparison of biotinylated ST gene probes and radioactive probes showed that the Bio-DNA hybridization assay is at least fivefold less sensitive (Fig. 5) . Nevertheless, the sensitivity of detection of STP gene copies by Bio-DNA probes was high enough to detect homologous sequences in 5-,ug samples of the total DNA extracted from ST-producing E. coli strains (Fig. 5) .
Detection of LT, STP, and STH strains. Three enterotoxin gene probes were used for the detection of ETEC strains. Because STIb and STIc genes show 93% DNA homology (21) and both are different from the STIa gene (70% DNA homology [7, 28] ), STIc (STH) and STIa (STP) were used for the identification of STI-producing E. coli strains in this study. pLT genes, which demonstrate more than 95% DNA homology with LT genes of human origin (5, 30), were used for the identification of LT in human isolates. Specifically, the DNA fragment coding for the B subunit of pLT was used as the pLTB probe; pLTB and pLTA probes were found to be equally specific for the detection of LT-producing E. coli strains (data not shown).
Diagnosis of ETEC was evaluated by comparing hybridization with Bio-DNA probes, detection of ETEC with DISCUSSION In this study the identification of enterotoxin genes in E. coli strains by dot blot hybridization with biotin-labeled DNA probes (BDBH) has been proposed. A method was developed for preparing bacterial DNA for the specific detection of target sequences with Bio-DNA probes. The specificity of the BDBH assay was estimated by the lack of false-positive results; the reference test was detection of ETEC by biological assay. Results of this study have shown that Bio-DNA probes specifically detect the target sequence, provided that the DNA analyzed by dot blot hybridization is free of proteins and RNA ( Fig. 2 and 6 ). The essential prerequisite for the specificity of the BDBH test is complete removal of the intracellular biotin that is covalently bound to some carboxylating enzymes and, presumably, structural analogs of biotin (possibly certain modified bases in tRNA). Use of the colony hybridization method described by Taub and Thompson (29) , which removed all cellular debris except for the nucleic acids, eliminated radioactive background activity but produced 90% false-positive results with Bio-DNA probes (unpublished data). Pretreatment of the colony blots with RNase A did not eliminate the nonspecific reactions. Although the BDBH test required pure bacterial cultures, 96 clinical isolates were processed simultaneously and examined for the specific target sequence within 48 h.
The optimal conditions for detection of the target DNA sequence by dot blot hybridization with Bio-DNA probes were ascertained in this study. In a reconstruction experiment, as little as 160 pg of target DNA mixed with 6 ,ug of carrier DNA was readily detected by the Bio-DNA probe in which 40% of the thymidine residues were replaced by biotinylated nucleotides (Fig. 3) . This result indicates that Bio-DNA probes with the same or higher levels of specific activity can detect a single copy of small enterotoxin gene, (17, 21) . The sensitivity of the BDBH test was 5-to 10-fold less than that of the 32P-labeled probe system (Fig. 4 and 5) . This is in agreement with the results of others (12) on detection of adenovirus by a nonisotopic hybridization system.
Because the level of incorporation of biotinylated nucleotide was critical for the Bio-DNA probe sensitivity, two methods, nick translation and random priming, were compared with regard to label incorporation. It was shown here that DNA, in a range of 157 to 850 bp, was labeled with biotin to twice the specific activity by the random priming procedure compared with the nick translation procedure. This phenomenon might reflect at least (i) higher substitution of Bio-11-dUTP for TTP during longer reaction of random priming compared with nick translation, (ii) the presence of trace amounts of agarose contaminants in the DNA preparation to be labeled, or (iii) both (i) and (ii). Feinberg and Vogelstein (8) have demonstrated that agarose contamination of a DNA preparation inhibits the DNase I nicking step in nick translation reactions but does not interfere with DNA synthesis catalyzed by the Klenow fragment of DNA polymerase I. It is important that the relatively high (>40%) extent of nucleotide replacement apparently did not affect the hybridization characteristics of Bio-DNA probes; they hybridized quite efficiently to corresponding DNA sequences, as judged by the intensity of signals seen in Fig. 4 , 5, and 6. There was excellent agreement among the Bio-DNA probe results, the 32P-labeled DNA probe results, and the corresponding biological assay (Fig. 6 ). This confirms observations of others on the diagnosis of ETEC by the use of radiolabeled DNA probes (17, 20, 22) .
In summary, a convenient Bio-DNA dot blot hybridization assay was developed. Its sensitivity and specificity were found to be satisfactorily high for diagnostic purposes 
